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It is well known that phytoplankton growth is broadly limited by iron (Fe) availability 
132
To obtain the full depth vertical profiles of DFe, we conducted sampling and 133 sub-sampling in accordance with the GEOTRACES protocol as described by Nishioka were collected using a Niskin-X sampler attached directly to a titanium hydro-wire 140 equipped in R/V Hakuho-maru because stormy weather did not permit us to deploy the 141 CTD system for the shallow casts. Using both methods, we could obtain the identical 142 waters for determination of Fe and Zn (Kim et al. 2015) . To sub-sample from the 143 Niskin-X samplers, they were taken in a clean air bubble (filled with air that had been 144 passed through a HEPA filter). We connected a 0.2 m Acropak filter (Pall 145 Corporation) to the Niskin-X spigot and added a pressure of 1 atm to the Niskin-X 146 samplers by compressed clean air; then, the filtrate was collected in acid-cleaned 125-147 mL LDPE bottles (Nalgene Co., Ltd).
148
The filtrate (<0.2 m) was adjusted to pH < 2 by the addition of ultrapure HCl the leachable Fe in the filtrate at pH < 2, was analyzed onboard by using a flow-154 injection analysis (FIA) chemiluminescence detection system (Obata et al. 1993 (Obata et al. , 1997 .
155
Unfiltered samples collected from several stations (BD 7, BD 9, BD 11, BD 14, BD 15) 156 were adjusted to pH < 2 onboard and stored for several months at room temperature;
The DFe measurements and the reference seawater used in this study were quality 164 controlled by using SAFe (Sampling and Analysis of Iron) cruise (Johnson et 
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Hydrography and water definition
193
Vertical section profiles of temperature, salinity, and DO in the western and central salinity Kuroshio water affected surface layer (Fig. 2 a, b) . At BD 5, surface water has 197 slightly higher temperature and salinity than subarctic water which existed below the 198 surface. These results indicate that BD 4 and BD 5 was located in the OKTZ (from
199
143°54'E to 150°E).
200
As described briefly above, the subarctic Pacific consists of the WSG and the AG.
201
The WSG is composed of the East Kamchatka Current, the Oyashio Current and the
202
Subarctic Current (Fig. 1) , and is strong influenced by waters which are discharged from 203 the Bering Sea and the Okhotsk Sea. Judging from obtained water properties, specifically 204 relatively cold shallow waters, we defined that BD 6, BD 7, BD 8, BD 9 are located in 205 the WSG (from 155°E to 170°35'E).
206
The AG is formed by the westward Alaskan Stream (AS) which recirculates near 207 170° W into the eastward Subarctic Current (Bograd et al., 1999) (Fig. 1) (Fig. 3a) . In the section profiles, maximum N+N (Fig. 4a) and phosphate ( Fig.   235 4b), and minimum DO ( (Fig. 3b) . Relatively higher concentrations were observed at BD 4 and BD 248 12 (Fig. 3b) , where the Kuroshio water and the AS influence is found (Fig. 1) . In the section 
255
In the section profile, DFe concentrations were low (<0.5 nM) below 4000 m 256 depth from BD 4 to BD 9 and below 2500 m depth eastward from BD 11 to BD 16 257 (Fig. 6a) . At BD 16, the concentration range of DFe in deep water (~ 0.6 nM) was 258 similar to that at ocean station Papa (T7 in Fig. 1 (Fig. 3a) . This result is consistent with previous (Fig. 3a) , indicating that biological production had consumed the nutrients before our concentrations were high in the surface layer (Fig. 3a) and the DFe concentration was very 285 low (Fig. 3b) ; thus, typical HNLC water was observed along our section across the by water transported by the AS, an offshore current, from the Alaskan margin.
surrounding water probably reflect Fe transported from the Alaskan margin.
347
Judging from the depth at which we observed high DFe and high Fe*( Fig. 6a and 6b ), First, we re-evaluated the upward DFe and N+N fluxes from below the surface.
388
These fluxes can be estimated with the following equations. where Kρ is the coefficient of eddy diffusivity. In this study, we try to evaluate DFe 393 flux to N+N fluxes stoichiometry. Therefore, the surface-to-subsurface (bottom of 394 surface mixed layer to maximum concentration depth) gradient of DFe (dFe/dz) and 395 of N+N (dN/dz), and the ratio (dFe/dz)/(dN/dz) at all stations along the section profile 396 were compared to quantitatively evaluate the fluxes stoichiometry (Fig. 7a-c) . In this 397 study, we compared the (dFe/dz)/(dN/dz) ratios from our section data with previously 398 published data for line P, which is the section from south Vancouver Island to station P 399 (T7 in Fig. 1 ) in the AG (Nishioka et al. 2001 ). In general, the vertical gradient of the 400 DFe increase with depth below the surface was variable among the OKTZ, the WSG, 401 the CNP, the AG, and the AS (Fig. 7a) . Interestingly, the subsurface gradient of 
406
The west-east spatial pattern of the subsurface gradient of the N+N concentration
407
(dN/dz) was similar at all stations on the section profiles to the DFe pattern; however, 408 in terms of absolute values, the differences among the stations were not as great as the 409 DFe gradient differences (Fig. 7b) . As a result of the gradient differences, the drawdown in the WSG is higher than that in the AG (Table 1) . Therefore, the presence in the Fig. 9a-c) , except at BD 4 (Fig. 9a) the Fe removal is preferred over P.
497
We found linear relationship on these plots in the western, central and eastern
498
subarctic Pacific. In the WSG, the correlation became stronger when the data at 10 m 499 deep was removed (Fig. 10) , which might implies that surface DFe concentrations in 500 the WSG are affected by atmospheric input of mineral dusts from the Asian continent.
501
As discussed above, we could not find a clear signature of atmospheric Fe in these 502 surface waters. Although our observed DFe in surface is low as < 0.1 nM, sporadic Fe 503 supply directly to the surface may also play a role in biological production in this From the slopes in these plots, we estimated the fractionation factors between Fe 511 and P,  values, in the subarctic Pacific (Fig. 10) that DFe was preferentially removed compared with P.
533
The vertical fractionation of Fe and P in the WSG might be caused by the similar process to SEEDS-I experiment (adsorption onto particles, aggregation of colloidal 535 particles and biological uptake). In the CNP and AG, the fractionation factors were 536 slightly smaller than that in the WSG (Fig. 10) 
